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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

(5 7) Abstract: 

PURPOSE: To reduce the area of a chip as a whole by a 
method wherein a wiring region on a hard macro inside a 
semiconductor chip is made small. 

CONSTITUTION: The following are arranged: third-layer 
interconnections 123 and fourth-layer interconnections 124 
which are formed on a hard macro; and fifth-layer 
interconnections 125 and sixth-layer interconnections 126 
which cross them obliquely. In addition, the following are 
formed: second through holes 132 which connect second-layer 
interconnections to the thirdlayer interconnections 123; fifth 
through holes 135 which connect the fifth-layer 
interconnections 125 to the sixth-layer interconnections 126; 
fourth through holes 134 which connect the fourth-layer 

interconnections 124 to the fifth-layer interconnections 125; m «* f** J "* 

and third through holes 133 which connect the third-layer m 
interconnections 123 to the fourth-layer interconnections 124. 
Thereby, a wiring operation can be performed at a shortest 
distance on the hard macro. 
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(54) [Title of Invention] 

Semiconductor Integrated Circuit Apparatus 
(57) [Abstract] 
[Purpose] 

To diminish wiring areas between hard macros inside a cp™;^*,,, 
reduce the overall chip area. ^ a semiconductor chip and thus 

[Constitution] 

configured, and second thm,,oh h«i« i v> intersecting diagonally therewith, are 

fourth kyer of wS^i^^t,^ k T?* b ^<"'««»8 123 and the 
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[Claims] 

[Claim 1] A semiconductor integrated circuit apparatus comprising: 

hard macros, formed by making connections between basic transistor elements using a 
first layer of wiring and a second layer of wiring provided on a semiconductor chip; 

a third layer of wiring, configured in the horizontal direction, interconnecting between 
said hard macros; 

a fourth layer of wiring, configured in the vertical direction, intersecting said third layer 
of wiring perpendicularly and forming a lattice; and 

a fifth layer of wiring and sixth layer of wiring that, respectively, intersect diagonally said 
third layer of wiring and said fourth layer of wiring at points where said third layer of wiring and 
said fourth layer of wiring do not intersect, and that also intersect each other. 

[Claim 2] The semiconductor integrated circuit apparatus according to Claim 1 , wherein 
said fifth layer of wiring and said sixth layer of wiring are configured on [or above] the hard 
macros. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

This invention concerns a semiconductor integrated circuit apparatus, and more 
particularly the wiring between hard macros in a chip. 

[0002] 
[Prior Art] 

Year by year the degree of integration in semiconductor integrated circuit apparatuses in 
general rises higher as such apparatuses become smaller and as such higher integration is 
demanded by systems. 

[0003] 

In a conventional semiconductor integrated circuit apparatus, as diagrammed in Fig. 4, a 
first layer of wiring 221, placed in the horizontal direction in the diagram, a second layer of 
wiring 222 placed in the vertical direction in the diagram, and a third layer of wiring 223, placed 
in the horizontal direction as the first layer of wiring 221, the wiring pitch whereof is made twice 
that of the first layer of wiring 221, are provided, configuring a lattice having minimal wiring 
intervals with the first layer of wiring 221 and the second layer of wiring 222, and this apparatus 
further comprises first through holes 23 1 connecting the first layer of wiring 221 and the second 
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layer of wiring 222 at the lattice points, and second through hnl~ in ^ 

layer of wiring 222 and the third layer of whSsTft^l 232 "T^g ^e second 

the second layer of wiring 222 ^2 ^^ ** "** * 

[0004] 

convent? "** « la y out dia S^s representing a first and a second example of a 
conventional semiconductor integrated circuit apparatus. example or a 

[0005] 

T used thereb«w«r, if wiring ^12* n£ rnaS fJS^T* " 
B according to the wiring pitch indicated in Fia 4fc7, m^,tT,^ ^ maCr ° 

Wterefore, there are two methods, namely me method of using a tfL WwhSa 223 to 
[0006] 

[Problems Which the Present Invention Attempts to Solve] 

compri^r^^^ 

wiring 222 in the verticmSon mS^^ST^ m dia8ram ' a second ^ of 
horizontal dSnS^SS SSE Z tl t^T* * *«? 3yer ° f 223 * * e «* 
connecting the tokyerofS m J^lT ^ 22 ^through holes 231 for 
holes 232 for conned S^^^tS^? Itt^ "* ^ 
smallest lattice ir^ctions m^ bv m^r^? g ^ ?" *"* ^ ° f ^ 223 * me 
223, and confieuresmTwWn^n!-^ J ?2 d ^ ° f 222 and third layer of wiring 
, ana contigures the wmng inside the hard macros using the first layer of wiring 22 1 and 



second layer of wiring 222, wherefore, in wiring between the hard macros, the first layer of 
wiring 221 and second layer of wiring 222 cannot be made to transit across the hard macros, but 
the wiring must be routed around the open space, without transiting across a hard macro, or, 
alternatively, wiring must be effected wherein the hard macro is transited using the third layer of 
wiring 223 only in the horizontal direction of die diagram, and subsequently connected in the { 
open area to the first layer of wiring 221 and second layer of wiring 222. For this reason, it is not 
possible to effect the shortest wiring, circuitous wiring is necessary, the wiring area expands, and 
the overall chip area becomes larger, all of which constitute problems. 

[0007] 

An object of the present invention is to provide a semiconductor integrated circuit 
apparatus wherein the wiring area is made smaller by employing multi-layer wiring, and the 
overall chip area can be reduced. 

[0008] 

[Means Used to Solve the Problems] 

The semiconductor integrated circuit apparatus of the present invention comprises: hard 
macros, formed by making connections between basic transistor elements using a first layer of 
wiring and a second layer of wiring provided on a semiconductor integrated circuit; a third layer 
of wiring, configured in the horizontal direction, interconnecting between the hard macros; a 
fourth layer of wiring, configured in the vertical direction, intersecting the third layer of wiring 
perpendicularly and forming a lattice; and a fifth layer of wiring and sixth layer of wiring that, 
respectively, intersect diagonally the third layer of wiring and the fourth layer of wiring at points 
where the third layer of wiring and the fourth layer of wiring do not intersect, and that also 
intersect each other. 

[0009] 

[Embodiments] 

The present invention is now described with reference to the drawings. 

[0010] 

Fig. 1 is a layout diagram for describing one embodiment of the present invention. 

[0011] 

In signal line wiring for interconnecting hard macros formed by interconnecting basic 
transistor elements using a first layer of wiring and a second layer of wiring provided on a 
semiconductor chip, as diagrammed in Fig. 1, the configuration comprises a third layer of wiring 
123 placed in the horizontal direction on the diagram, a fourth layer of wiring 124 placed in the 
vertical direction on the diagram relative to die third layer of wiring 123, and a fifth layer of 
wiring 125 and sixth layer of wiring 126 that intersect diagonally with the third layer of wiring 
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123 and the fourth layer of wiring 124, respectively, without passing through the intersections 

layer of wiring 123 and fourth layer of wiring 124, and the third layer *Z£Z* 123 use^uf 

interconnecting the hard macros are connected with second throui holL^ thTth^? , 

wiring 123 and the fourth layer of wiring 124 a* connec^tS 

smahest xartice intersections made by the third layer of wirine 123 ^H^T^ i"" I 

124, the fourth layer of wiring 124 and the fiflhEoS ^ JT™ 8 

through holes 134 at points shifted by half a ^S^^SS^tSSLwt 

lattice made by the third layer of wiring 1 23 and the fourtokver of wwTTX 7a 

[0012] 

invention 8 " 2 * * ^ a Ration example for the present - 
[0013] 

diagram^e^d 3 ^?^ % C ° nneCti ° D is made fro « ^e lower output, on the 

constitutes the signal line wiring inside the hard macro A is mte^n^^^^laver of 
^ SCC ° nd ^ *"* ~ 1 3^^f to ^wSng 

1 33, and connected to the input of the second lav~^ ™ 8 . 2 f 1 " 8 46 41111(1 holes 
wirine inside the hard ° S ^ COnd la y CT of 222 that constitutes the signal line 
wiring inside toe nard macro B, using the second through holes 132. 

[0014] 

Fig. 3 is a layout diagram for a second application example of the present invention. 



[0015] 



to the wutng between the hard macros, mtercomtected to the fourth layer of wiring 124 using the 



third through holes 133, interconnected to the fifth layer of wiring 125 using the fourth through 
holes 134, connected to the sixth layer of wiring 126 using the fifth through holes 135, wiring as 
far as the lower left [comer] of the hard macro B, interconnected to the fifth layer of wiring 125 
using the fifth through holes 135, interconnected to the fourth layer of wiring 124 using the 
fourth through holes 134, interconnected to the third layer of wiring 123 using the third through 
holes 133, and connected to the input of the second layer of wiring 222 that constitutes the signal 
line wiring inside the hard macro B, using the second through holes 132. 

[0016] 

[Merits of the Invention] 

With the present invention, as described in the foregoing, when hard macros formed by 
interconnecting basic transistors usijig a first layer of wiring and a second layer of wiring on a 
semiconductor chip are mutually connected, it is possible to effect wiring on the hard macros in 
the horizontal, vertical, and diagonal directions, wherefore circuitous wiring is done away with. 
Furthermore, second through holes connecting the second layer of wiring and the third layer of 
wiring, third through holes connecting the third layer of wiring and the fourth layer of wiring, 
fourth through holes connecting the fourth layer of wiring and the fifth layer of wiring, and fifth 
through holes connecting the fifth layer of wiring and the sixth layer of wiring are provided in 
the smallest lattice made by the third layer of wiring and the fourth layer of wiring, so wiring can 
be done over comparatively short distances. With this embodiment, moreover, what previously 
required two unit lengths of wiring in order to connect two terminals having different x 
coordinates and y coordinates can be done with 2 1/2 unit lengths of wiring. Therefore, as 
compared to the prior art, the wiring area is reduced by approximately 50% in terms of surface 
area, and, because the wiring area previously occupied 60% or so of the chip area, the chip area 
can be reduced by approximately 30% (= 60% x 0.5). 

[0017] 

Thus the present invention is beneficial in that, by the use thereof, wiring areas can be 
made smaller, and overall chip size can be reduced. 

[Brief Description of the Drawings] 

Fig. 1 is a layout diagram for describing one embodiment of the present invention; 

Fig. 2 is a layout diagram representing a first application example of the present 
invention; 

Fig. 3 is a layout diagram representing a second application example of the present 
invention; 

Fig. 4 is a layout diagram for describing the placement of conventional wiring; 

Fig. 5 is a layout diagram representing a first example of a conventional semiconductor 
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integrated circuit apparatus; and 

Fig. 6 is a layout diagram representing a second example of a conventional 
semiconductor integrated circuit apparatus. ^conventional 

[Explanation of Symbols] 

11 LSI chip 

13 Wiring area 

123, 223 Third layer of wiring 

124 Fourth layer of wiring 

1 25 Fifth layer of wiring 

126 Sixth layer of wiring 

1 32, 232 Second through holes 

133 Third through hole 

1 34 Fourth through hole 

135 Fifth through hole 

22 1 First layer of wiring 

222 Second layer of wiring 
231 First through hole 

A, B Hard macros 
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[Figure 1] 



[Figure 2] 





ZZ t : First layer of wiring 2*2 1 Second layer 0 r wiring 
tt3- Third layer of wiring 25 1 1 Flnt through bote 
F«: Second through hole 
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